OPTICAL WAVEGUIDE CIRCUIT DEVICE 



Background of the Invention 

An optical waveguide circuit device having a 
waveguide formed from a core such as shown 
used in various uses in an optical communication field. 
This waveguide is generally formed from a silica-based 
glass on the substrate. In the optical waveguide circuit 
device of this kind, various functions can be fulfilled by 
a difference in the waveguide. The substrate of a single 
crystal such as a _s,lli.cjQ]X..^^_^substrate, etc. is generally 
used as the above substrate. 




Summary of the Invention 

The present invention provides a novel optical 
waveguide circuit device. The optical waveguide circuit 
device of the invention comprises: 

a substrate having a cleavage plane; 

a waveguide formed from a core on said substrate; 

and 

an incision line constructed by a groove or (and) a 
separating slit formed by crossing at least one portion of 
the core of said waveguide; 

wherein a face of said incision line is set to a 
face different from the cleavage plane of said substrate. 



Brief Description of the Drawings 

Exemplary embodiments of the invention will now be 
described in conjunction with drawings in which: 

Fig. 1 is an explanatory view showing the 
construction of an optical waveguide circuit device in one 
embodiment of the invention. 

Fig, 2A is an explanatory view of a cleavage plane 
of a silicon substrate. 

Figs. 2B and 2C are views for explaining the 
cleavage plane of the silicon substrate and an arrangement 
design example of an arrayed waveguide grating type 
optical multiplexer/demultiplexer formed on this substrate. 

Figs. 3A, 3B, 3C and 3D are explanatory views of an 
optical module manufacturing process of one embodiment of 
the invention. 

Fig. 4 is an explanatory view of an optical 
waveguide circuit device in another embodiment of the 
invention . 

Detailed Description 

In one proposed example of an optical waveguide 
circuit device, a groove crossing at least one portion of 
a core is formed and an optical component such as a filter, 
etc. is inserted into this groove. 



In the device of this kind, performance of this 
optical device can be fulfilled by inserting the optical 
component into a groove portion. However, for example, 
when a package is dropped in error in a state in which the 
optical waveguide circuit device is stored into the 
package, there is a possibility that a crack is caused in 
a substrate and a waveguide forming region with a forming 
portion of the groove as a starting point. 

The present invention provides an optical waveguide 
circuit device in which no crack, etc. are caused in the 
substrate and the waveguide forming region in case it is 
dropped, even when the optical waveguide circuit device 
has a constructional portion such as a groove, etc. in 
one aspect of the invention, 

A single crystal has characteristics in which the 
single crystal is ^^c racked along cer tain specific 
crystallographic axis. This phenomenon is called cleavage. 
This cracking face is called a cleavage plane. For 
example, in the case of a silicon substrate formed in an 
orientation flat position (110) in a crystal plane <100>, 
the cleavage plane 43 is formed horizontally or 
perpendicularly to an orientation flat A of a silicon 
substrate 1 as shown in Fig. 2A. 

The substrate of the optical waveguide circuit 
device is generally constructed by a silicon single 



crystal, etc. As is well known,- there is a cleavage plane 
in the single crystal substrate of this kind. The present 
inventor noticed the position relation of the cleavage 
plane of this substrate and a constructional element 
relatively weak in impact strength such as a groove, a 
separating slit, etc. formed on the substrate. Therefore, 
the present inventor made plural samples having faces 
(inner wall faces) of the groove and the separating slit 
conformed to the cleavage plane of the silicon single 
crystal substrate, and also made plural samples having 
faces (inner wall faces) of the groove and the separating 
slit not conformed to the cleavage plane of the silicon 
single crystal substrate. An impact test of these samples 
of each optical waveguide circuit device was then made. 

This impact test was made in a state in which the 
optical waveguide circuit device was stored into the 
package . 

As a result, when the above faces of the groove and 
the separating slit are formed in conformity with the 
cleavage plane of the substrate, there is a case in which 
a crack, etc. are caused in the waveguide forming region. 
In contrast to this, when the faces of the groove and the 
slit are set to faces not conformed to the cleavage plane 
of the substrate, it can be confirmed that a crack, etc. 
are not caused in the substrate and the waveguide forming 



region in case it is dropped. 

One embodiment of the optical waveguide circuit- 
device not easily causing the crack due to such a dropping 
impact will next be explained. 

Fig. 1 is a plan view showing the construction of an 
optical waveguide circuit device in one embodiment of the 
present invention . 

As shown in this figure, the optical waveguide 
circuit device is an arrayed waveguide grating type 
optical multiplexer/demultiplexer having a core of a 
waveguide on a substrate 1 of a silicon single crystal. 

This waveguide is formed by including one or more 
optical input waveguides 2, a first slab waveguide 3 
connected to output ends of this optical input waveguides 
2f an arrayed waveguide 4 connected to an output end of 
the first slab waveguide 3, a second slab waveguide 5 
connected to an output end of the arrayed waveguide 4, and 
a plurality of optical output waveguides 6 connected to an 
output end of the second slab waveguide 5 arranged side by 
side . 

The arrayed waveguide 4 propagates light emitted 
from the first slab waveguide 3. The lengths of channel 
waveguides 4a adjacent to each other within the arrayed 
waveguide 4 are set to be different from each other by a 
set amount. For example, the lengths of the adjacent 
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channel wavelengths 4a are different from each other by AL. 
For example, the optical output waveguides 5 regionrranged 



in accordance with the number of signal lights having 
wavelengths different from each other and demultiplexed or 
multiplexed by an arrayed waveguide grating. For example, 
a plurality of channel waveguides 4a such as 100 channel 
waveguides constituting the arrayed waveguide 4 are 
normally arranged. However, in Fig. 1, the number of 
C3 channel waveguides 4a and the number of optical output 

^ waveguides 6 are schematically shown. Further, the number 

in 

yii of optical input waveguides 2 is not limited to a number 

shown in Fig. 1. 

iJ 

In the optical waveguide circuit device of one 

t. 

f: embodiment, separating slab waveguides 3a, 3b are formed 

jSS, 

by separating the first slab waveguide 3. The separating 
' face is formed to cross an optical path passing the first 

slab waveguide 3. 

The cross separating face . 8 is formed by a 
separating slit as an incision line extending from one end 
side (an upper end side of Fig. 1) of the substrate 1 and 
crossing the first slab waveguide 3 and reaching an 
intermediate portion of the substrate 1. A noncross 
separating face 18 not crossing the first slab waveguide 3 
is similarly formed by the separating slit as an incision 
line in communication with a tip side of the cross 
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in 



separating face 3 crossing the first slab waveguide 3. In 
the example shown in Fig. 1, the noncross separating face 
18 is perpendicular to the cross separating face 8, but 
both these separating faces 8 and 18 may not be set to be 
perpendicular to each other. 

In this embodiment, the substrate 1 is separated 
into a first waveguide forming region 10a including a 

separating slab waveguide 3a on ^one, aide and a second 

waveguide formrh"g re'gxon 10b including a separating slab 



%3 waveguide 3b on the other side by the cross separating 

face 8 and the noncross separating face 18. 

Since the first waveguide forming region 10a and the 
second waveguide forming region" 10b are separated from 
each other by the separating slit, these forming regions 
are spaced from each other. For example, the space of a 
C-portion shown in Fig. 1 (the distance between the 
noncross separating faces 18) is about 100 \Am, and the 



space of a B-portion (the distance between the cross 
separating faces 8) is about 25 |^m. Both these separating 
faces 8, 18 are set to faces different from the cleavage 
plane 43. v 

In this embodiment, a slide moving member 17 moves 



the first waveguide forming region 10a along the cross 
separating face 8 with respect to the — ae^nd waveguide 
forming region 10b depending on temperature of_J:he arrayed 
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waveguide grating. The slide moving meruber 17 reduces 
light transmitting central wavelength temperature 
dependence of the arrayed waveguide grating by this slide 
moving operation. 

In one example, the slide moving member 17 is formed 
by a metal plate such as a copper plate having a 
coefficient of thermal expansion larger than that of the 
substrate 1. The coefficient of thermal expansion of 



□ 
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m copper is 1.65x10" (1/K) . Unillustrated solder is formed 

— ■ ^ ^ 



on a lower side of the slide moving member 17 on its both 
end sides. An unillustrated metallic film is formed on 



the waveguide forming region on a lower side of this 
solder. One end side of the slide moving member 17 is 
fixed to the waveguide forming region 10a and the other 



end side of the slide moving member 17 is fixed to the 
waveguide forming region 10b through this metallic film 



^ r ' 

and the solder. 

In one embodiment, as mentioned above, the first 

slab waveguide 3 of the arrayed waveguide grating type 

optical multiplexer/demultiplexer is separated into 

separating slab waveguides 3a, 3b. The separating slab 

waveguide 3a is slid and moved by the slide moving member 

17 along the cross separating face (separating face) 8 

dependin g on tem peratujB-^ Thus, a light transmission 

central wavelength of the arrayed waveguide grating type 
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:>ptical multiplexer/demultiplexer is shifted depending on 
temperature . 

In this embodiment, the cross separating face 8 is 

set to a face not conformed to the cleavage plane 43 of 

the substrate 1. Further, the noncross separating face 18 



communicated with the cross separating face 8 is also set 
to a face not conformed to the cleavage plane 43 of the 
substrate 1. 

Thus, in the embodiment shown in Fig. 1, the cross 
separating face 8 is slantingly formed such that an angle 
0 formed by the cross separating face 8 and the 
orientation flat A of the substrate 1 is set to 20° as 
shown in Fig. 2C so as to set the cross separating face 8 
and the noncross separating face 18 to faces not conformed 
to the cleavage plane 43 of the substrate 1. As shown in 
Fig. 2B, when the cross separating face 8 is formed 
perpendicularly to the orientation flat A of the substrate 
1, the cross separating face 8 becomes a face conformed to 
the cleavage plane 43 of the substrate 1, which is not 
preferable . 

The optical waveguide circuit device is first formed 
as an optical module as follows to evaluate a dropping 
impact strength of the optical waveguide circuit device in 
this embodiment. Namely, plural optical waveguide circuit 
devices each constructed in the above embodiment are 



, as 



shown in Fig. 3A, an optical fiber 23 of an optical fiber 
array 21 is next optically connected to an incident end of 
the optical input waveguide 2 of the optical waveguide 
circuit device. An optical fiber of an optical fiber 
ribbon 24 fixed to the optical fiber array 22 is optically 
connected to an output end of each optical output 
waveguide 6. 

Viyt''orr''''"'Tub /nl^pping^the optical waveguide 




circuit v^^evice from a surface side of the waveguide 



forming region 10 and/\egionr side of the substrate 1 is 
next arranged at eac'ti'^^of"' four corners of the optical 
waveguide circuit device as shown in Fig. 3B, and is 
stored into a package 46 as shown in Fig. 3C. In this 
state, a matching oil is injected into the package 46, and 
an 0-ring is mounted to an 0-ring fitting groove 48. 
Further, as shown, in Fig. 3D, a cover 47 is fastened by 
screws. Then, the cover 47 is fixed by the screws, and 
the optical waveguide circuit device is sealed within the 
package 46 and is thus formed as an optical module. 

An impact is applied to the package 4 6 at an impact 
acceleration of 100 G (1G=9.8 m/s^) on the supposition of 
an impact under a general treating by using an impact 
tester (AVCO impact tester, AVEX CORP. USA, MODEL 31X1-105- 
MP) . Thus, the impact test of the above optical module 
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was made. 

As a result of this impact test, no optical 
waveguide circuit device is cracked, etc. 

As mentioned above, it is possible to construct an 
optical waveguide circuit device strong in impact strength 
in dropping, etc. by setting the cross separating face 8 
and the noncross separating face 18 formed in the optical 
waveguide circuit device to faces not conformed to the 
cleavage plane 43 of the substrate 1. 

The invention is not limited to the above embodiment, 
but various embodiment modes can be adopted. For example, 
in the above embodiment, the angle 0 formed by the cross 
separating face 8 and the cleavage plane 43 is set to 20°. 
However, this angle with respect to the cleavage plane 43 
is not particularly limited, but is suitably set. 

In the above embodiment, the cross separating face 8 
is formed by crossing the first slab waveguide 3, but may 
be also formed by crossing the second slab waveguide 5. 

In this case, a similar operation is performed by 
arranging a slide moving member 17 having a function 
similar to that in the above embodiment. It is possible 
to construct an optical waveguide circuit device strong in 
impact strength by setting the separating face to a face 
not conformed to the cleavage plane 43 of the substrate 1. 

Further, for example, as shown in Fig. 4, a groove 



20 as an mcxsion line can be formed m a mode crossing 
the arrayed waveguide 4 instead of the formation of the 
separating face in the slab waveguide. In the example of 
Fig. 4, a half-wave plate 36 is arranged in the groove 20. 
In this construction, similar to the embodiment shown in 
Fig. 1, it is possible to construct an optical waveguide 
circuit device strong in impact strength by setting an 
inner wall face of the groove 20 to a face not conformed 
to the cleavage plane 43 of the substrate 1. Separating 
faces 8, 18 similar to those in the case of Fig. 1 may be 
also formed in the construction of Fig. 4. 

The incision line of the groove, the separating slit, 
etc. may be also formed by cutting work such as dicing, 
and etching, and may be also formed by using the other 
techniques . 

Further, no optical waveguide circuit device of the 
invention is necessarily limited to the arrayed waveguide 
grating type optical multiplexer /demultiplexer . In short, 
in the optical waveguide circuit device of various 
waveguides in which a waveguide having a core and a 
cladding is formed in the waveguide forming region (glass 
layer) 10 on the substrate 1, the invention can be applied 
to the optical waveguide circuit device in which a groove 
and/or a slit crossing at least one portion of a core 
within the waveguide are formed. Similar to the above 



embodiment, it is possible to construct an optical 
waveguide circuit device strong in impact strength by 
setting inner wall faces of the groove and the slit to 
faces not conformed to the cleavage plane of the substrate. 
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